The ovary uses the cholesterol from high-density lipoproteins (HDL) as a substrate source for steroid hormone production. It is not clear, however, how ovarian cells acquire the lipoprotein cholesterol. This study describes the characterization and isolation of a high-affinity-binding protein for apolipoprotein E-free HDL from the plasma-membrane fraction of bovine corpora lutea. Plasma membranes were prepared by differential centrifugation with 5-6-fold enrichment of 5'-nucleotidase activity. The binding of 1251-HDL to the plasma membranes was time-dependent, and there appeared to be a single high-affinity site with a Kd of 6.7 ug of HDL/ml of assay buffer. The binding was not affected by high concentrations of low-density lipoproteins or the Ca2+ chelator EDTA, nor by changes in pH in the range 6.5-9.0. The binding was affected by the salt concentration in the buffer, with a dose-dependent increase that reached a maximum at 150-250 mM-NaCl. Binding was increased in the presence of high concentrations of KCl and KBr, and most significantly increased by high concentrations of bivalent metal ions. Ligand-blot analysis under reducing conditions revealed that the binding protein was a single polypeptide of about 108 kDa that was associated with the plasma-membrane fraction. This HDL-binding protein was purified to homogeneity by solubilization with Triton X-100, poly(ethylene glycol) precipitation, DEAE-Sephadex chromatography, and preparative SDS/PAGE. The purified binding protein is a single polypeptide of 108 kDa that retains high affinity and specificity for HDL as assayed by ligand blotting.
INTRODUCTION
Steroid-producing tissues require large amounts of cholesterol for hormone production. Although they possess the means to synthesize cholesterol, the major steroid-producing organs, the adrenal and the ovary, are unable to maintain physiological levels of steroid output without importing exogenous substrate (Andersen & Dietschy, 1978; Schreiber et al., 1982; Strauss et al., 1982) . This is accomplished by the uptake of plasma-borne cholesterol in the form of lipoprotein particles via specific highaffinity cell-surface lipoprotein receptors (Rajendran et al., 1983) .
The metabolism of low-density lipoproteins (LDL) and the structure and function of the LDL receptor have been well characterized (Brown & Goldstein, 1986) . In most tissues, including steroidogenic organs, the number of LDL receptors increases when the cellular cholesterol level is low. These receptors bind the LDL and carry it through an endocytotic pathway to the lysosomes, where the LDL particles undergo degradation, thereby making cholesterol available for the metabolic needs of the cell (Schreiber et al., 1982; Gotto et al., 1986) .
In contrast with this, relatively little is known about the metabolism of high-density lipoproteins (HDL). In most tissues, it appears that HDL serves to remove excess cholesterol (Oram, 1986) . In steroidogenic tissues, however, HDL appears to function much like LDL by supplying cholesterol substrate (Strauss et al., 1982; Andersen & Dietschy, 1981) . Likewise, the number of HDL receptors in these tissues increases when the demand for cholesterol is high (Chen et al., 1980; Ghosh & Menon, 1987) .
Unlike LDL, however, the mechanism in which cholesterol is exchanged between HDL particles and the target tissue is still unknown. In some cell types, the HDL remains at the cell surface, with cholesterol exchange occurring by passive diffusion (Karlin et al., 1987; Oram et al., 1987; Slotte et al., 1987; Johnson et al., 1988) . Other cells, including ovarian luteal cells, appear to internalize HDL by a non-lysosomal endocytotic pathway (Paavolo & Strauss, 1983; Toth et al., 1986 Toth et al., , 1988 Rajan & Menon, 1987; Rahim et al., 1991) that requires microtubules (Rajan & Menon, 1985) . Recent studies in our laboratory have shown that HDL binding to rat luteal cells is upregulated biphasically in both low-and high-cholesterol states, and therefore may function to efflux or influx cholesterol, depending on the status of the cell (Talavera & Menon, 1989; Ferreri et al., 1991) .
In our continuing study of lipoprotein support of ovarian steroidogenesis, we have now characterized and isolated an HDL-binding protein from the plasma membranes of the bovine corpus luteum.
MATERIALS AND METHODS Materials
Electrophoresis chemicals, Triton X-100 and pre-stained molecular-mass standards were purchased from Bio-Rad Laboratories (Richmond, CA, U.S.A.). Nitrocellulose was purchased from Gelman Scientific (Ann Arbor, MI, U.S.A.). Phenylmethanesulphonyl fluoride (PMSF), leupeptin and E64 were purchased from Boehringer-Mannheim (Indianapolis, IN, U.S.A.) . Benzamidine and dithiothreitol (DTT) were purchased from Calbiochem (San Diego, CA, U.S.A.). Butylated hydroxytoluene (BHT) and SDS high-molecular-mass markers were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Lipoproteins HDL (density 1.063-1.125 g/ml) and LDL (density 1.019-1.063 g/ml) were isolated from normal human plasma by ultracentrifugation after density adjustment with KBr as previously Vol. 287 Abbreviations used: LDL, low-density lipoproteins;.HDL, high-density lipoproteins; INT, 2-(p-indophenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium; PBS, phosphate-buffered saline [9 mM-KH2PO4 (pH 7.5)/150 mM-NaCI]; DTT, dithiothreitol; PEG, poly(ethylene glycol); PMSF, phenylmethanesulphonyl fluoride; BHT, butylated hydroxytoluene.
* To whom correspondence should be addressed.
described . The HDL was chromatographed on a heparin-Affigel-10 column to remove the apolipoprotein-E-containing particles (Ferreri & Menon, 1990) . Lipoproteins were radio-iodinated by a modified McFarlane (1958) procedure ) to a specific radioactivity of 800-1200 c.p.m./ng. Lipoprotein concentrations are expressed in terms of their protein content as determined with the Pierce BSA protein assay kit at 60°C with BSA as standard.
Membrane preparation Plasma membranes from bovine corpora lutea were prepared by the differential-centrifugation method of Powell et al. (1976) . Unless otherwise indicated, all steps were conducted at 4 'C. Fresh corpora lutea were obtained from Murco Meat Packer (Plainwell, MI, U.S.A.) and stored frozen at -70 'C until used. The frozen tissue was scraped from the capsule, weighed, minced, and homogenized with 10 vol. of homogenization buffer (0.3 Msucrose/1 mM-NaHCO3) containing 1 mM-PMSF. The homogenate was filtered through one layer and then four layers of sterile gauze, and then centrifuged at 6000 g for O min. The supernatant was collected and the pellet resuspended in 8 vol. of homogenization buffer and re-centrifuged. The combined 6000 g supernatants were centrifuged at 35 000 g for 30 min. The supernatants were pooled. The top layers of the pellets were scraped off with a spatula and resuspended in 4 vol. of homogenization buffer and re-centrifuged at 35000 g for 30 min. After removal of the supernatant, the top layer of the pellet was collected by gentle swirling in 0.5 vol. of homogenization buffer. The combined 35 000 g supernatants were centrifuged at 80000 g for 90 min and the pellets and supernatants collected separately. The subfractions are designated as follows: 6p is the 6000 g pellet, 35b is the bottom layer of the 35000 g pellet, 35t is the top layer of the 35000 g pellet, 80p is the 80000 g pellet, and 80s is the 80000 g supernatant. All pellets were resuspended in homogenization buffer containing 1 mM-PMSF, 1 mM-benzamidine, 2 1uM-leupeptin and 2 ,#M-E64 (proteinase inhibitors). The activity of the plasma-membrane enzyme 5'-nucleotidase (EC 3.1.3.5) was measured in each subfraction (Morre, 1971) with Pi release quantified as described by Ames & Dubin (1960) . The amount of the mitochondrial enzyme succinate: 2-(p-indophenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium (INT) reductase (EC 1.3.99.1) was also quantified in each subfraction (Morre, 1971) . Protein was measured with the Pierce BCA protein assay kit at 60 'C with BSA as standard.
Binding assays
Binding assays were performed in five replicates. Each assay mixture contained 200,ug of protein, 1 ,tg of 125I-labelled apolipoprotein E-free HDL, and increasing concentrations of unlabelled lipoprotein in a final volume of 500 ,u of assay buffer [20 mM-Tris/HCl (pH 7.4), 150 mM-NaCl, 1 % (w/v) BSA and 0.01 % (w/v) merthiolate]. The assay mixtures were incubated at 37 'C for 60 min and then aspirated separately through 0.45 /tmpore cellulose acetate filters (Millipore Corp., Bedford, MA, U.S.A.) with 2 ml of ice-cold assay buffer and washed with 4 ml of ice-cold assay buffer. Bound radioactivity was measured with a y-radiation counter (Tracor Analytic, Elk Grove Village, IL, U.S.A.). Binding parameters were determined by the linear subtraction method (Van Zoelen, 1989) and by non-linear curve fitting using the LIGAND computer program (BioSoft, Mill- town; NJ, U.S.A.).
Isolation procedure
Subfractions 35t and 80p, obtained by differential centrifugation and which contained most ofthe 5'-nucleotidase activity, were pooled and used as the starting plasma-membrane fraction. This fraction was extracted by adjusting the protein concentration to 5 mg/ml in buffer A [125 mM-Tris/HCl (pH 7.4), 150 mmKCl, 5 mM-EDTA, 250 mM-sucrose, 1 % (v/v) Triton X-100, 2 mM-DTT, 1 mM-PMSF, 1 mM-benzamidine, 2 /M-leupeptin and 2 /LM-E64] and stirring for 30 min. The detergent-solubilized protein fraction was separated from the insoluble portion of the membranes by centrifugation at 150000 g for 60 min. To remove excess detergent and concentrate the sample, poly(ethylene glycol) [PEG; 50 % (w/v) in 9 mM-KH2PO4 (pH 7.5)/150 mMNaCl (PBS)] was added to a final concentration of 120% (w/v) (Marshall et al., 1985) . After stirring the solution for 30 min at 4°C, the precipitate was collected by centrifugation at 28000 g for 30 min. The pellet was washed by resuspension in 1 vol. of PBS and re-pelleted by centrifugation to remove traces of PEG. The pellet was then solubilized in buffer B [20 mM-Tris/HCl, pH 8.0, 150 mM-KCl, 1 mM-EDTA, 1 mM-DTT, 20 % (v/v) glycerol, 0.1 % Triton X-100, 1.7 mM-CHAPS, 100 /M-BHT and proteinase inhibitors as above] and adjusted to a protein concentration of 0.7-0.8 mg/ml. This sample was pumped through a DEAE-Sephadex A-50 column overnight at 5°C with a peristaltic pump (3.5 mg of protein/ml of packed resin). The column was washed with 3 vol. of the same buffer, and eluted by adjusting the concentration of KCl to 300 mm. The eluted protein was concentrated 10-fold in an Amicon Centricon-30 microconcentrator unit and the concentrate was precipitated with an equal volume of methanol/chloroform (4:1, v/v) (Wessel & Flugge, 1984) . The precipitate was dissolved in SDS/PAGE sample buffer [0.0625 M-Tris/HCI (pH 6.8), 0.1 % glycerol, 2 % (w/v) SDS, 0.00 125 % (w/v) pyronin Y and 5 % (w/v) ,-mercaptoethanol] and electrophoresed on a preparative 6 %-polyacrylamide gel (Laemmli, 1970) . The protein bands were made visible with Coomassie Blue (Hunkapiller et al., 1983) . The band that migrated with an apparent molecular mass of 108 kDa and which coincided with ligand-blot activity was excised and electroeluted in 10 mM-NH4HC03/0.02 % SDS/0.01 % DTT at 4 W for 4 h in an ISCO concentrator (Lincoln, NE, U.S.A.).
Electrophoresis and ligand blotting
Samples were precipitated with an equal volume of methanol/chloroform (4:1, v/v) (Wessel & Flugge, 1984) , dried with air, and solubilized with 1 vol. of 5% SDS and 1 vol. of SDS/PAGE sample buffer by heating at 60°C for 10 min. Appropriate portions of the samples and the molecular-mass standards were placed into the wells of a discontinuous polyacrylamide gel (6 %T, 2.67 %C) and electrophoresed at 30 mA for 5 h. Gels were silver-stained as described by Hochstrasser et al. (1988) to assess the purity of each sample.
For ligand-blot analysis, the separated proteins were electrophoretically transferred onto nitrocellulose sheets at 300 mA for 5-6 h. The nitrocellulose sheets were then incubated at 37°C in 100 ml of blocking buffer [20 mM-Tris/HCl (pH 7.4), 0.01 % merthiolate, 1 % (w/v) non-fat dry milk, 1 % BSA] for 2 h. The buffer was replaced with buffer containing 100 ,ug of LDL/ml and 1 ,cg of 125I-HDL/ml, and the blots were shaken at 37°C for a further 2 h. Finally, the blots were rinsed twice with ice-cold blocking buffer, washed five times for 5 min each with the same buffer and rinsed briefly with cold PBS. The sheets were air-dried and autoradiographed. The apparent molecular mass of each protein was determined by comparison with pre-stained molecular-mass standards (Bio-Rad).
RESULTS
Since lipoproteins circulate in the blood, the HDL receptor was expected to be enriched on the cell s-urface. Therefore bovine corpora lutea were homogenized and subfractionated by the Table 1 . Subfractionation of bovine corpora lutea Freshly frozen bovine corpora lutea (8 g) were homogenized and subfractionated as described in the Materials and methods section. The protein concentrations of each subfraction were determined with the Pierce BCA protein assay kit. 5'-Nucleotidase (EC 3.1.3.5) activity was measured as described by Morrn (1971) . Samples (20,g of protein) from each subfraction were incubated at 37°C for 30 min in 0.25 ml of buffer containing AMP substrate. Pi release was quantified as described by Ames & Dubin (1960 Equilibrium binding studies of radiolabelled HDL to the plasma-membrane fraction showed saturability and high affinity (Fig. 2) . Scatchard analysis of the binding was linear (Fig. 2,  inset (Fig. 3) . LDL [Lipoprotein] (gg of protein/ml) In the case of LDL and apolipoprotein E-containing HDL, the Ca2l chelator EDTA completely abolished binding to their receptors (Hui et al., 1986; Yamamoto et al., 1984) , whereas low levels of Ca2+ led to increased binding (approx. 2-fold increase in binding in the presence of 1-3 mM-CaCl2). Therefore the effects of Ca2+ and EDTA on the binding of apolipoprotein E-free HDL to the bovine ovarian receptor were examined. Increasing concentrations of either Ca21 or EDTA caused only minor changes in the interaction of HDL with the membranes when the assays were performed in the presence of 0.9 % NaCl, which coincides with the description of HDL binding in other tissues and species (Chen et al., 1980; Hui et al., 1986) . Taken together, these findings imply that the interaction of HDL with its receptor is not dependent on ions chelated by EDTA.
In contrast with other species (Chen et al., 1980; Hui et al., 1986) , the interaction of the bovine plasma membranes with HDL exhibited a dependency on the NaCl concentration. In the absence of NaCl, the HDL binding was decreased to 25 % of its maximal value (Fig. 4) . The binding increased in a dose-dependent manner to a maximum between 150 and 250 mM-NaCl. In order to determine if this effect was specific for NaCl, the effect of several salts as tested. Assays containing univalent salts (NaCl, KCl and KBr) all exhibited similar dose-dependent increases in HDL binding (Fig. 5) , suggesting that the effect is not specific to NaCl. However, the binding observed with the bivalent salts CaCl2 and MgCl2 yielded binding values 2-3-fold higher than with the univalent salts (Fig.  5) . It should be noted that the salt concentrations used in these studies are much greater than the normal plasma levels (142 mMNa+, 5 mM-K+, 1.5 mM-Ca2+, 1.5 mM-Mg2' and 103 mM-Cl-; Guyton, 1977) . Together with the results of binding in the presence of low levels of Ca2+ and EDTA, these results suggest that the salt effects are due to the increased ionic strength of the buffer rather than a specific ion requirement. It is also possible that low salt concentrations might affect the physical state of the membranes, such as aggregation resulting in a decreased ligand binding.
It has been reported that the binding of HDL to dog liver membranes is markedly dependent on pH, with a distinct maximum at pH 7.5 (Hui et al., 1986) . Therefore the pHdependence of HDL binding to luteal plasma membranes was examined. Changing the pH in the range 6.5-9.0 had only a mild effect of HDL binding (results not shown). However, a substantial increase in non-specific binding was observed below pH 6.5 that was due in part to the precipitation of 1251-HDL. The resultant uncertainty in the data prevented conclusions as to the effect of lower pH levels.
The ovarian subfractions were also subjected to ligand-blot non-fat dry milk at 37°C for 2 h. The blot was then incubated for 2 h at 37°C in the same buffer containing 1 pg of 1251-HDL/ml and 100 ,g of LDL/ml. The blot was rinsed twice and washed five times for 5 min each with ice-cold blocking buffer, dried and autoradiographed. Key: hom, homogenate; 6p, 6000 g pellet; 35b, 35000 g pellet bottom; 35t, 35000 g pellet top; 80p, 80000 g pellet; 80s, 80000 g supernatant. The positions and sizes (kDa) of the prestained molecular-mass markers that were transferred to the nitrocellulose are indicated.
analysis. Ligand blotting involves the separation of molecules according to size by electrophoresis, transfer to nitrocellulose, and incubation in the presence of radiolabelled ligand. The sizes of individual bands that bind ligand were revealed by autoradiography. In the bovine corpus luteum, only one species of HDL-binding protein, of about 108 kDa, was detected by ligand blotting (Fig. 6) . Subfractions 35t and 80p, which contain most of the plasma membranes, are enriched in this protein (Fig. 6 ).
Ligand blotting was performed after denaturation and reduction of the sample with SDS and /J-mercaptoethanol, which suggests that the 108 kDa band consists of a single polypeptide chain. An excess of LDL was included in the binding mixtures to ensure the specificity of the binding protein.
To characterize better the role of HDL in the corpus luteum, an attempt was made to purify the 108 kDa HDL-binding protein. Plasma-membrane fractions were adjusted to a protein concentration of 5 mg/ml with buffer A, which contained 1 % Triton X-100, and stirred for 30 min at 4 'C. This procedure solubilized about 80 % of the protein in the plasma-membrane fraction. The soluble protein fraction was refractory to analysis by conventional binding assays, and therefore the purification of the binding protein was followed by ligand-blotting analysis of each step of the purification procedure. 
Supt.
Wash. Pell. Fig. 8 . Ligand-blot analysis of the supernatant, wash and pellet from the PEG precipitation The plasma-membrane fraction was adjusted to 5 mg of protein/ml and solubilized with 1 % (v/v) Triton X-100. PEG was added to a final concentration of 120% (w/v) and the precipitate collected by centrifugation for 30 min at 28000 g. The supernatant (Supt.) was removed and the pellet was resuspended in 1 vol. of buffer containing 1O mM-potassium phosphate, pH 7.5, and 150 mM-NaCl, and recentrifuged for 30 min at 28000g. The supernatant (Wash) was removed and the pellet (Pell.) was resuspended in buffer containing 20 mM-Tris/HCl, pH 8.0, and 150 mM-KCl. Samples (100 pug each) of the Supt., Wash and Pell. were subjected to ligand-blotting analysis as described in the Materials and methods section, and the HDLbinding protein was detected by autoradiography. The The pellet from the PEG precipitation was resuspended in buffer B at a protein concentration of 0.75 mg/ml. The sample was recycled at 4°C overnight through a DEAE-Sephadex column (6 cm x 1.5 cm) at a load of 3.5 mg of protein/ml of resin. The column was washed with 3 vol. of the same buffer and then eluted by adjusting the KC1 concentration to 300 mm (arrow). Samples (100 ,ug each) of the pooled fractions from the flow-through and wash, and the peak eluted with 300 mM-KCl, were analysed by ligand blotting, and the autoradiograms are shown in the insets. Approx. 5 % of the protein loaded on to the column was eluted in the 300 mM-KCl fraction. PEG was added to the solubilized sample at a final concentration of 12% (w/v). At this concentra-tion of PEG, only 20 % of the protein was precipitated. PEG precipitation has been shown to remove most of the cellular proteins and detergeat from Triton-solubilized samples while recovering most of the receptors for binding studies (Marshall et al., 1985) . Binding analysis of the PEG pellet showed saturable high-affinity binding to a single site with a Kd of 3.3 ,ug/ml and a Bmax of 4.0 ,ug of HDL bound/mg of PEG pellet (Fig. 7) . Ligand-blotting analysis of the PEG precipitate shows the presence of the 108 kDa band (Fig. 8, Pell) . No HDL binding activity was detected in either the PEG supernatant (Fig. 8, Supt) or the PBS used to wash the pellet (Fig. 8, Wash) . The recovery of the receptor calculated from the binding-assay results was 31.7 %, with a 1.9-fold enrichment over the plasma-membrane preparation. However, the 108 kDa band was not detected in any of the other fractions by ligand-blotting assay. This could be due either to masking of binding sites during precipitation or the possibility of a binding species that was neither precipitated by PEG nor detected by ligand blotting. However, the Scatchard plots and the ligandblotting results of the plasma membrane and the PEG pellet suggest that a single binding species is present in this tissue. The recovery may therefore be higher than that measured by the binding-assay procedure.
The PEG pellet was resolubilized in buffer B and recycled through a column of DEAE-Sephadex at 4°C overnight. After washing the column with 3 vol. ofbuffer B, the KCI concentration of the buffer was adjusted to 300 mm. A small peak containing about 5 % of the total protein (Fig. 9) was eluted from the column. Subsequent ligand-blot analysis of the flow-through, wash and pooled peak fractions revealed that the 108 kDa HDLbinding protein appeared to be quantitatively bound to the column and eluted with 300 mm-KCl (Fig. 9, insets) . The pooled fractions of the eluted peak were concentrated 10-fold with an Amicon Centricon-30 micro-concentrator and then precipitated with 1 vol. of methanol/chloroform (4:1, v/v) (Wessel & Flugge, 1984 (Rifici & Eder, 1984; Hwang & Menon, 1985; Mendel et al., 1986; Fong et al., 1987) , but not for apolipoprotein B (Rajendran et al., 1983; or apolipoprotein E (Rifici & Eder, 1984 (Hui et al., 1986; Yamamoto et al., 1984) , putatively by perturbing ionic interactions promoted by Ca2+ (Yamamoto et al., 1984; Lalazar et al., 1988) .
Of the various conditions examined in the present study, only elevated salt concentrations substantially affected HDL binding.
The lack of specificity of the cations tested which stimulated binding argues against specific ion requirements. The indifference ofHDL binding to high NaCl concentrations has been interpreted VoL 2&7 as suggesting that the ligand-recognition mechanism is primarily hydrophobic (Mendel et al., 1986) . This hypothesis is supported by our observation that HDL binding is lower at low salt concentrations, since increased ionic strength stabilizes hydrophobic interactions. This interpretation is consistent with the observed enhancement of binding promoted by the bivalent cations Ca2l and Mg2", which because of their higher charge density could have yet an even greater stabilizing effect.
Several HDL-binding proteins of varying sizes have been described. Our laboratory has previously described a 58 kDa HDL-binding protein in the rat ovary that exhibited characteristics of the putative HDL receptor (Ferreri & Menon, 1990) . Graham & Oram (1987) reported ligand-blotting characterization of several binding proteins present in various tissues, including bovine arterial endothelial cells. The consensus size of the HDLbinding proteins in the tissues studied was 110 kDa, a value close to the apparent 108 kDa mass of our purified bovine bindingprotein preparation. The 110 kDa protein was up-regulated by elevated cellular cholesterol levels (Graham & Oram, 1987) and by y-interferon (Oppenheimer et al., 1988) . Tozuka & Fidge (1989) (Gotto et al., 1986; Oram, 1986) . Although it is plausible that an HDL receptor could take part in cholesterol removal, there is contradictory evidence on the precise role that binding may have in cholesterol transfer. Although binding is not required for the exchange of cholesterol between HDL and the cell membrane (Karlin et al., 1987; Johnson et al., 1988) , some cells do internalize HDL particles, presumably by a receptor-dependent process (Paavolo & Strauss, 1983; Toth et al., 1986 Toth et al., , 1988 Rajan & Menon, 1987; Rahim et al., 1991) . Slotte et al. (1987) suggested that the function of HDL binding is to promote intracellular translocation of cholesterol from internal stores to the cell surface, thus making cholesterol available for diffusioncontrolled efflux to HDL particles. This hypothesis is supported by findings from our laboratory that demonstrate participation of microtubules in lipoprotein metabolism (Rajan & Menon, 1985) . Mendez et al. (1991) have recently shown that the binding of HDL to its receptor activates a protein kinase C (PKC)-dependent pathway that promotes the translocation of cholesterol from intracellular pools to the plasma membrane. Other studies have demonstrated that HDL binding promotes PKCdependent phosphorylation of specific cellular proteins (Darbon et al., 1986; Wu & Handwerger, 1991) . Taken together, these studies support the concept that the HDL receptor may be coupled to a G-protein that sends a signal through PKC to communicate to the cell that the receptor is occupied and ready for sterol transfer.
Steroidogenic tissues, such as the corpus luteum, require larger amounts of cholesterol than other tissues, since a major portion of their cholesterol is used for hormone production. The (Talavera & Menon, 1989) and in vitro (Ferreri et al., 1992) that the HDL receptor in pseudopregnant-rat ovaries is up-regulated biphasically at low cholesterol levels as well as when the cholesterol stores of the cells are overloaded. These results imply that the HDL receptor serves to promote both cholesterol influx from HDL and cholesterol efflux to HDL, depending on the status of the cell. Therefore the HDL-binding protein appears to be central to the maintenance of cellular cholesterol homoeostasis.
Further delineation of the role of HDL in the regulation of ovarian cholesterol concentrations at the molecular level will require an in-depth knowledge of the structure and metabolism of the HDL receptor. The present study provides evidence for the existence of a specific receptor that recognizes HDL particles and describes its isolation from the bovine corpus luteum. These results provide a starting point for the further structural characterization of the bovine HDL 'receptor' that will hopefully lead to a better understanding of the role of HDL in cholesterol homoeostatis.
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